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studies conducted in this area have yielded inconsistent results, with one researcher finding impaired verbal LTM (Kaplan et al., 1998) and others reporting intact verbal and visual LTM (Jorm, 1983; Kibby & Cohen, 2008; Kramer et al., 1999) . Another topic requiring further investigation is semantic STM's relation to word identification and decoding skill. Although several researchers have found phonological STM to be predictive of basic reading skill (Cormier & Dea, 1997; Hansen & Bowey, 1994; Kibby, in press ; for a review see Bishop & Snowling, 2004) , limited research has been conducted on semantic STM's relation to basic reading ability.
Hence, the purposes of this project were threefold: to determine the nature of the memory deficit in children with dyslexia, to utilize clinical measures of memory in this endeavor, and to determine the extent to which semantic STM is related to basic reading performance. In terms of the second purpose, much of the prior research on dyslexia has utilized experimental measures of memory functioning, limiting its generalizability for clinical neuropsychologists at large who use clinical measures. Therefore, the Wide Range Assessment of Memory and Learning (WRAML; Sheslow & Adams, 1990 ) and the California Verbal Learning Test-Children's Version (CVLT-C; Delis et al., 1994) were used as the WRAML assesses phonological, semantic and visual STM, along with LTM, and the CVLT-C assesses semantic coding, STM and LTM. Two studies were conducted using different samples, one including the WRAML and the other including the CVLT-C. Thus, much of the remainder of the article will discuss the two studies separately.
Study 1
Limited research has been conducted on the WRAML in dyslexia despite its frequent use in clinical practice. Of the research conducted, Kaplan and colleagues (1998) found children with dyslexia performed worse than controls on STM subtests that foster phonetic coding (Sentence
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Memory, Sound Symbol and Number/Letter). They also performed worse than controls on Verbal Learning, a STM measure that allows semantic coding (task entails 4 learning trials using familiar words that can be recalled in any order). Nonetheless, they still performed within the Average range on this subtest. Children with dyslexia performed comparably to controls on Story Memory, a STM subtest which fosters semantic coding. They also performed comparably to controls on most measures of visual STM except Finger Windows, a measure of serial-order visual-spatial STM. Children with dyslexia performed worse than controls on one measure of LTM (Story Memory savings score). Taken together, the findings of Kaplan et al. suggest that the memory deficits in dyslexia may extend beyond phonological STM.
Despite the findings of Kaplan et al. (1998) , it was hypothesized that children with dyslexia would perform worse than controls on the phonological STM subtests only; performance on the rest of the measures would be intact given the literature reviewed in the general introduction. It also was hypothesized that phonological STM (Number/Letter) would be related to Word Attack but semantic STM (Story Memory) would not due to the phonological nature of decoding. Examination of semantic STM's relation to word identification was exploratory given the limited research examining the relation between the two skills.
Method
Participants. Twenty children with dyslexia and 20 controls, ages 9-13 years, were tested with the WRAML. These data were collected during an earlier study (Kibby, Marks et al., 2004) .
Sixty percent of the dyslexia group were male, and 45% of the control group were male. Groups were equated on prior diagnosis of Attention-Deficit/Hyperactivity Disorder (ADHD), age, grade level, gender, and socio-economic status (SES). Children with a prior diagnosis of ADHD were included in the study due to the high comorbidity between dyslexia and ADHD (Holborow & Memory Functioning in Dyslexia 7 Berry, 1986; Shaywitz, Fletcher, & Shaywitz, 1994) . However, parents of children with ADHD reported that their child had sufficiently mild ADHD so as to not warrant medication. Presence of ADHD was equated across the groups: 3 children in the dyslexia group and 2 children in the control group.
Dyslexia was diagnosed according to State of Tennessee criteria for a specific learning disability in reading, as children with dyslexia were recruited through the local school system. To be diagnosed with a learning disability by the State at the time of data collection, children had to be of normal intelligence, reading below grade level, and have at least a one standard deviation discrepancy between their reading ability and measured intelligence. In addition, their reading problems could not be better accounted for by a medical/neurological condition, sensory or motor impairment, emotional disturbance, or quality of education. Children were selected for this study through review of school records once school and parental permission were obtained.
To be included in the dyslexia group, there had to be at least a standard deviation discrepancy between the child's measured intellect and his/her word identification standard score given State learning disability criteria. Poor word identification was chosen as the defining feature as opposed to poor reading comprehension because poor decoding skills are the central deficit in most definitions of dyslexia/reading disability (Lyon, Fletcher, & Barnes, 2003) .
Intelligence and academic achievement scores were obtained from school records. All the State's school psychologists used the Wechsler Intelligence Scale for Children, Third Edition (WISC-III) to measure intelligence. They used one of the following measures to assess academic achievement: Wide Range Achievement Test-Revised, Wechsler Individual Achievement Test or the Woodcock-Johnson-Revised Tests of Achievement (WJ-R). As the discrepancy level required by the State was small, some children had a mild form of dyslexia. Nonetheless, the mean discrepancy in the dyslexia group was 25.70 standard score points (range: 15 -55).
Controls were recruited through the university's subject pool (undergraduates brought them in for testing with parental consent), as well as through flyers and advertisements in the local community. A screening version of the WISC-III was administered to the control group to reduce testing time. The screening version included Information, Vocabulary, Picture Completion, and Block Design. This short-form is highly correlated (r = 0.94) with the full battery (Sattler, 1992) . IQ scores were prorated from this battery, with Verbal IQ (VIQ) being prorated from Vocabulary and Information and Performance IQ (PIQ) being prorated from Picture Completion and Block Design. Academic achievement was screened with the Wide Range Achievement Test-Third Edition (WRAT-3) to verify controls did not have an IQ/word identification discrepancy. Controls also were screened for prior special education evaluation and assistance and for repetition of grade levels to ensure they did not have a history of learning problems. All children were administered the WJ-R Word Attack subtest to assess their phonological decoding skill. The mean prorated Full-Scale IQ/WRAT-3 Reading discrepancy for the control group was -7.10 (range: -39 -+10). There was an overlap in reading ability between the two groups for two controls whose WRAT-3 Reading scores were 85 and 92, as the highest word identification standard scores for the dyslexia group were in the 90s. The rest of the controls had WRAT-3 Reading standard scores that were greater than 100.
All children were screened for uncorrected sensory impairment, medical conditions, neurological conditions (including seizures and traumatic brain injury), and psychiatric disorders through a questionnaire completed by the parent. Children were excluded from the study if they had any of these conditions, except for allergies or mild ADHD. No child was prescribed mood Memory Functioning in Dyslexia 9 altering or stimulant medication. All children were fluent in English. All children also had a measured intellect of 80 or above.
The two groups were compared to assess how well they were equated on age, grade level, gender, SES, and IQ. Groups were comparable in age, grade, FSIQ, PIQ, and VIQ using ANOVA (ps > .10). They also were comparable in gender, SES, and presence of ADHD using chi square (ps > .10). Groups differed in word identification [F(1,37) Symbol, and Visual Learning. Story Memory also has a long-delay recognition subtest.
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The WRAML has been described in detail elsewhere including its reliability and validity (Bigler & Adams, 2001; Sheslow & Adams, 1990) ; therefore, its psychometric properties will not be discussed here. Prior research suggests verbal STM tests that require serial order recall, verbatim recall, or nonword recall necessitate greater phonetic coding than those which permit recall of words/sentences in any order (Henry, 2001; Howes et al., 2003; Swank, 1994) . Thus, based on their content, the verbal STM subtests likely vary in the extent to which they support semantic coding, with Story Memory fostering the greatest semantic coding, then Verbal Learning as the words are familiar and can be recalled in any order, then Sentence Memory as verbatim repetition is required, and lastly Number/Letter. Number/Letter may require the greatest reliance on phonetic coding as the stimuli are presented orally, encouraging focus on their phonological rather than their orthographic characteristics; the stimuli are not words; and the stimuli must be recalled in serial order. This proposed ordering of subtests, from those fostering the greatest semantic coding to those fostering the greatest phonetic coding, is consistent with subtest inter-correlations. See Table 2 for inter-correlations. <Table 2 here> Articulation rate was assessed as the verbal STM buffer is reported to hold as much information as an individual can say in 2 seconds (Baddeley, 1986) . Articulation rate was measured using a modified approach from Roodenrys, Hulme, and Brown (1993) . Specifically, children were presented with 40 words, in 20 pairs. Each pair of words was repeated as often as necessary for the child to say the pair correctly. Once the child could repeat the word pair accurately, he/she had to say the pair 10 times as quickly as possible, and the time required to do this was recorded. The mean of these times was transformed to yield a measure of items spoken per second. Groups had comparable articulation rates [F(1,37)=1.02, p > .10].
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Procedure. The WRAML, Word Attack, and articulation rate measures were administered on the first day of testing after parental informed consent/child informed assent were obtained.
The WISC-III screener and WRAT-3 were administered to controls on a second testing day. warranted, however, as mild ADHD was allowed in the sample and Number/Letter Memory has been shown to load on an attention factor (Burton et al., 1999) . Nonetheless, presence of ADHD was comparable between both groups, and Number/Letter was highly correlated with phonological skill (WJ-Word Attack) in this sample. In contrast to phonological STM, the two groups were quite comparable in semantic STM, visual-spatial STM, and LTM for both verbal and visual material, with the dyslexia group scoring within the Average range on these measures.
Moreover, the dyslexia group performed worse on phonological STM (Number/Letter) than semantic STM (Story Memory), whereas controls performed comparably on these two subtests.
Hence, the memory deficit in dyslexia appears to be specific to phonological STM, with the rest of memory functioning being intact. This finding is consistent with the phonological core deficit model of dyslexia (Liberman & Shankweiler, 1991; Rack et al., 1992; Swank, 1994; Wagner et al., 1994) .
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Basic reading performance. Phonological STM was moderately to highly correlated with word identification and decoding skill in the total sample, even when controlling Full-Scale IQ and articulation rate. This finding is consistent with hypotheses and prior research (Hansen & Bowey, 1994; Snowling, 1991; Wagner et al., 1994) . In contrast, correlations between semantic STM and basic reading measures were small. Therefore, semantic STM may play a limited role in basic reading performance when older children are studied. However, future research is indicated to determine whether semantic STM contributes substantially to reading comprehension, as both tasks require semantic processing. Future research also is warranted on semantic STM's relation to basic reading skill in individuals with language impairment.
Study 2
Similar to the WRAML, limited research has been conducted on individuals with dyslexia using the California Verbal Learning Test (CVLT). Only one published study was found which used the CVLT-C to study children with dyslexia (Kramer et al., 1999) , and no published studies were found using the CVLT or CVLT-II in adults with dyslexia. This could be a serious shortcoming in the literature given that the CVLT variants measure semantic coding, storage and retrieval, along with intrusions and interference. Therefore, the CVLT-C has the potential to be an excellent tool to decipher the nature of the semantic STM/LTM deficit in dyslexia if there is one.
The findings on the CVLT-C by Kramer and colleagues (1999) suggest that children with dyslexia have poor encoding of word lists but intact retention and retrieval over time, along with intact interference and intrusion scores. Children with dyslexia learned fewer items in general, and they learned the items more slowly. They also had different serial position effects than controls, recalling fewer items from the middle of the list. According to the authors, these Memory Functioning in Dyslexia 14 findings are consistent with poor encoding due to faulty strategy use during rehearsal.
Nonetheless, given the literature reviewed in the general introduction, group differences were not expected on the CVLT-C as this measure fosters semantic coding.
Methods
Participants. Eighteen children with dyslexia and 18 controls were tested with the CVLT-C. These data were collected during an earlier study (Kibby, in press ). In the dyslexia group 61% of participants were male; in the control group 56% of participants were male.
Groups were equated on age, grade level, gender, SES, and WISC-III FSIQ, similar to Study 1.
Children with dyslexia and controls were recruited and defined according to the same criteria and procedures used in Study 1, although children with a history of ADHD or suspected ADHD were excluded from the study. Presence of ADHD was determined on the basis of parental report and review of school records. The mean IQ/word identification discrepancy for the dyslexia group was 21.94 (range: 15 -44); the mean prorated Full-Scale IQ/WRAT-3
Reading discrepancy for the control group was -7.17 (range: -29 -+5).
The two groups were comparable in age, grade level, gender, SES, FSIQ, and PIQ. They Table 5 for descriptive data. Similar to other memory tasks, it includes measures of STM and LTM. However, the CVLT-C only measures verbal learning and memory. As the CVLT-C has been described in detail elsewhere (Bigler & Adams, 2001; Delis et al., 1994) , only a brief description of the test is Memory Functioning in Dyslexia 15 provided here. The child is presented with a list of 15 familiar words that can be grouped into 3 categories (List A). The test measures immediate recall of List A over 5 learning trials, free and cued short-term recall of List A after a distracter list (List B), and free and cued long-term recall of List A. After long-term cued recall of the list, recognition testing of List A is performed (Discriminability Index). The recognition task includes the words from Lists A and B, as well as other words that are semantically related to List A, phonetically similar to it, and unrelated to it.
The CVLT-C yields several scores. These include two measures of strategy use: semantic clustering (spontaneously grouping the words by category) and serial clustering (recalling the words in serial order). Semantic clustering is purported to be the more active learning strategy and may be associated with better learning and retention (Delis et al., 1994) . The CVLT-C computerized scoring program was used to generate the scores. Articulation rate was assessed with a task similar to that used in Study 1, modified from Hulme, Maughan, and Brown (1991).
When controlling VIQ, children with dyslexia and controls were comparable in articulation rate.
Results
Immediate memory, STM and LTM. WISC-III VIQ was used as a covariate due to group differences on this measure. Given low power, analyses also were re-run without a covariate.
For immediate memory, total number of words recalled and rate of acquisition over the 5 learning trials were analyzed through repeated measures ANCOVA. Diagnosis was the betweensubject variable (dyslexia versus control), and Trial was the within-subject variable (raw scores were not significant (Fs < 1.0, ps > .10). Moreover, groups did not differ in delayed recognition when using ANCOVA, F(1,33) < 1.0, p > .10. Results for short-and long-delayed recall and recognition did not change when using ANOVA. See Table 6 for CVLT-C descriptive data. 
Discussion
Memory performance. When VIQ was statistically controlled, performance on the CVLT-C was highly comparable between the two groups as hypothesized. This was true for Memory Functioning in Dyslexia 17 immediate, short-term, and long-term memory, as well as semantic clustering. When VIQ was not controlled, groups only differed in immediate recall. However, this difference in performance likely was due to the high proportion of controls with above average VIQ (72% of controls versus 11% of the dyslexia group, X 2 (1)=13.83, p < .001), as those with high VIQ performed better than the rest of the sample on List A Trials 1-5, F(1, 34)=4.45, p < .05. Furthermore, the mean T-score from List A Trials 1-5 was Average for the dyslexia group despite it being better for the control group. In general, children with dyslexia scored in the Average range on all CVLT-C measures when using z-scores, suggesting their semantic STM and LTM are intact.
Basic reading ability. Similar to Study 1, there were small correlations between immediate semantic memory and measures of basic reading performance when FSIQ and articulation rate were controlled, and there were non-significant correlations between immediate semantic memory and basic reading when not controlling FSIQ. Hence, semantic STM may not contribute substantially to word identification and decoding skill in older children, unlike phonological STM. However, further research is needed on the relation between semantic STM and reading comprehension and on individuals with language impairment, as noted in Study 1.
General Discussion
Taken together, results suggest the primary memory deficit in children with dyslexia is poor phonological STM, with the rest of memory functioning being spared. More specifically, in Study 1 all aspects of visual STM were intact in dyslexia at the group level despite some prior research finding visual STM impairment in this population (Henry, 2001; Howes et al., 1999 Howes et al., , 2003 Kaplan et al., 1998) . Study 1's findings of Average visual STM in dyslexia is consistent with other work in this area, however (Kibby & Cohen, 2008; Kibby, Marks et al., 2004; . LTM also appears to be spared in dyslexia, as LTM was comparable to Memory Functioning in Dyslexia 18 controls across the two studies regardless of whether material was verbal or visual in nature.
Similar results were found by Kibby and Cohen (2008) . Given the limited research conducted on LTM in dyslexia to date, this is an important contribution to the literature.
In terms of verbal STM, semantic STM was intact in both studies despite their using different samples and measures. Intact semantic STM in dyslexia also has been found by Kibby and Cohen (2008) and Lee and Obrzut (1994) . In contrast, phonological STM was impaired in dyslexia in Study 1, consistent with prior research (Kibby, in press; Kibby & Cohen, 2008; Rack et al., 1992; Wagner et al., 1994) . As it has been suggested that there are at least two verbal short-term stores, one for phonetically coded material and another for semantically coded material (Martin, Shelton, & Yaffee, 1994) , the store which holds material coded phonetically likely is affected in dyslexia whereas the store(s) which holds material coded semantically may be intact. The phonological store may be located within/around the supramarginal gyrus (Kibby, Kroese, et al., 2004; Jonides et al., 1998) , and the posterior peryisylvian region is frequently implicated in dyslexia (for a review see Kibby & Hynd, 2001) . In contrast, semantic processing is wide-spread throughout the brain, including both hemispheres (Kolb & Wishaw, 2003) . Such wide-spread networks may provide sparing of semantic coding/STM in dyslexia as other brain regions may be able to help compensate for left posterior perisylvian dysfunction.
Limitations to this research with corresponding future directions are as follows. First, sample sizes were small, and overall severity of dyslexia was mild for both studies. Hence, this study should be replicated with a larger sample of children with more severe dyslexia to determine whether deficits are still limited to phonological STM. Second, mild ADHD was allowed in the first study, but the small number of participants with ADHD made further analysis of its effects problematic. Furthermore, presence of ADHD was assessed through review of Memory Functioning in Dyslexia 19 school records and parent report for both studies. Consequently, future research on memory functioning in dyslexia should formally assess for the presence and severity of ADHD.
Nonetheless, the memory deficits found in Studies 1 and 2 are consistent with dyslexia, as ADHD tends to be associated with poor visual-spatial STM functioning (Kibby & Cohen, 2008) and visual-spatial STM was intact in Study 1. Third, an abbreviated WISC-III and the WRAT-3
were used with controls to minimize testing time, but the full WISC-III and various achievement batteries were used to assess children with dyslexia. Given the two groups had different IQ Note. The Discriminability Index is in standard scores, and List A Total Trials 1-5 is a T-score.
The Clustering scores are measured in observed/expected, and the Region scores are in percentages. The rest are raw scores. There are no group differences when controlling Verbal IQ.
